Abstract. Reliable prediction of fracture conditions is a major concern in the integrity assessment of structural components. This is specifically critical within the transition regime where there is a significant scatter in fracture test data. In recent years local stress based approaches that use a "Weibull distribution function" have been examined to predict probability of cleavage fracture at lower shelf temperature. Furthermore the role of constraint in toughness prediction has been noted. An extensive experimental programme known as "Euro fracture dataset" aimed at characterisation of the "Ductile-to-Brittle" transition (DBT) behaviour of ferritic steels. Recently this data set was used by authors to propose a set of "Global" equations for determination of temperature and thickness dependence of Weibull distribution parameters. In this paper finite element simulations of fracture tests are carried out firstly to verify the experimental findings and secondly to examine and validate the proposed "Global" equations. This objective has been achieved through the comparison between the experimental data, predictions of "Global" curves and the results of performed finite element simulations.
Introduction
Local stress based and toughness based approaches to fracture prediction use Weibull distribution model based on weakest link theory. The level of accuracy achieved in the predictions is vital from the point of view of its use in the integrity assessment of structural steels containing defects that are often subjected to various conditions of temperature and loading. Reliability of predictions strongly depends and relies on the parameters used in the probability distribution function, i.e. the Weibull equation. In metals without the FCC microstructure the motion of dislocation is affected by the thermal agitation of the atoms. As the temperature drops, the thermal agitation decreases and dislocations become much less mobile than they were at room temperature. This increases the yield strength, which in turn causes the plastic zone at the crack tip to shrink until it becomes so small that the failure mechanism changes from ductile tearing to cleavage. This effect is called the ductile-to-brittle transition regime and for most reactor pressure vessel steels occurs within a rather narrow band of temperature changes. Significant research programs have recently been completed to characterize the ductile-to-brittle transition (DBT) behaviour of ferritic steels. For example an extensive experimental programme known as "Euro fracture dataset" was conducted to characterise the "Ductile-to-Brittle" transition (DBT) behaviour of ferritic steels. This experimental data set was recently used by authors who proposed a set of "Global" equations for determination of temperature and thickness dependence of Weibull distribution parameters. In this paper finite element simulations of fracture tests are carried out firstly to verify the experimental findings and secondly to examine and validate the proposed "Global" equations.
In this paper a brief description of the "Euro fracture dataset programme" is first presented. This is followed by introducing the Weibull distribution function in terms of stress intensity factor that is widely used in literature for brittle fracture prediction. The recently proposed equations by authors for determination of parameters for transition regime are then illustrated. The paper closes by presenting a comparison between the experimental data, predictions of "Global" curves and the results of performed finite element simulations based on which the modelling approach is validated.
Euro fracture dataset programme
The specimens were extracted from single segment of a large nuclear grade pressure vessel forging 22NiMoCr37 (A508 cl.2) [1] . The yield stresses were measured at different temperatures. For having fracture toughness data in DBT region, mechanical tests were performed on standard CT specimens with thicknesses 12.5 mm, 25mm , 50mm and 100mm. and for all specimens the a/w ratio was close to 0.6 [1] . The specimens were tested at different temperatures. The test programme included specimens with thicknesses of 12.5mm, 25mm and 50mm tested at -154 0 C, -60 0 C, and -40 0 C, specimens with all four thicknesses tested at -91 0 C, -20 0 C and 0 0 C and specimens with thicknesses of 25mm, 50mm and 100mm tested at 20 0 C. The measured J-integral values were transformed into K JC values using the following equation incorporating the adjustment for plane strain conditions:
Where E=206 GPa and v=0.3 were the specific material properties within the range of temperatures. Therefore plane strain conditions and constant modulus of elasticity were assumed for all temperatures in that study. Detailed description of the project is available in the final report by Heerens [2] .
The Weakest Link-Based Model
Weakest link concept forms the technical basis for the first testing standard developed specifically to address the unique statistical issues with ferritic steels in the ductile-to-brittle transition region.
The weakest-link model requires that the local stress field and J-values remain essentially uniform along the entire crack front and that small-scale yielding (SSY) conditions prevail at the cleavage fracture event. This greatly simplifies the description of the crack-front loading but limits the application of such approaches to fracture specimens (and structures) prior to the development of significant constraint loss under increased plastic deformation. Under SSY conditions, the crack driving force may be expressed for convenience in terms of a K J -value, i.e.,
Based on these assumptions, the three-parameter statistical model employed in E1921 adopts a constant exponent (m) of four [1] in the Weibull expression for the cumulative fracture probability at each temperature over the ductile-to-brittle transition:
Where K min denotes the minimum fracture toughness, P f (K Jc ≤ K min ) = 0. We set K min equal to zero, invariant of material flow properties, crack-front configuration, and temperature. The temperature dependent K 0 -value corresponds to the fracture toughness when the cumulative probability of failure equals 63.2%, i.e. P f (K Jc = K 0 ) = 0.632.
K 0 and m Global Equations
An expression for K 0 in terms of specimen thickness (B) and test temperature (T) was derived in form of Global equation for K 0 and T 0 as follows [3] : 
Based on the no-dimensional geometry (B/B 0 ) and temperature (T/T 0 ) parameters equations 3 and 4 may be used to obtain the required parameters K 0 and m respectively for the failure probability distribution shown in equation 2.
Finite Element Modelling
Finite element analyses were performed to provide input data to a routine analysis that used the local approach described by equation 2 for predicting failure probability distribution. The commercial code ABAQUS CAE (V 6.9) was used to create the finite element models. Taking advantage of symmetry it was sufficient to model one quarter of CT specimen only as shown in Fig.1 . The element type used for all analyses was the linear hexahedral eight node element with reduced integration (C3D8R). The finite element mesh was refined within the region ahead of crack tip. Mesh sensitivity test was performed based on its influence on variation of stress strain distribution ahead of the crack front. In all FE models the material post yield response was considered as isotropic hardening. 
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In all cases the failure probability from experimental data was calculated based on the ranked data using the following rule:
The comparison of predicted distributions based on experiments, proposed global equations and Finite element analyses for two randomly selected data sets are shown in Fig. 2 (a and b) . 
Conclusion
Equations (3) and (4) are empirical equations that were obtained by fitting curves to the Weibull parameters [3] . From these equations the Weibull parameters were obtained for various thicknesses and temperatures. Then using Eq. 2 one can predict the corresponding probability of failure. Fig. 2 suggests that the results obtained from the FE analyses are in good agreement with both the experiments and Global curves. Therefore it can be concluded that the proposed equations together with the FE modelling could be applied to achieve reliable fracture prediction in structures made from the specified material) and hence decrease the need for extensive fracture test experiments over the transition region.
